In tropical dry forests, the dynamics of herbaceous populations is strongly influenced by seasonal and annual variation in total rainfall. Moreover, the present and past events of climatic anomalies (e.g. severe drought years and erratic rain before the growth season) may cause drastic reductions in population size, leading to the temporal disappearance of some species. Therefore, this three-year study aimed to assess the dynamics of Delilia biflora (Asteraceae), Commelina obliqua (Commelinaceae), Phaseolus peduncularis (Fabaceae) and Euphorbia heterophylla (Euphorbiaceae). The study was conducted in an area of tropical dry forest known as Caatinga, situated in the experimental station of the Pernambuco Agronomic Institute (IPA), in Caruaru, Pernambuco, Brazil. The Caatinga has a semiarid climate with strong seasonal and annual variation in total precipitation. During this study, there was a climatic anomaly event called the 2006 drought, and also erratic rains in the dry season. The birth, death and survival of plants were evaluated monthly using 105 plots (1 × 1 m). Differences in density between years and seasons were evaluated using the Kruskal-Wallis test. The explanatory power of present and past precipitation on density was evaluated using the General Linear Model. In this study, we present the first record of Euphorbia heterophylla in the studied area. The studied populations were larger during the rainy seasons and in wet years, and were drastically reduced in the driest year and dry seasons. Commelina obliqua was the least sensitive to variation in total rainfall. Regarding the variation in density, all four species were present during all three years. Birth rates were higher during the rainy season, and death rates were higher in the dry season. Sporadic rain in the dry season caused pronounced seedling recruitment followed by death, and had a strong impact on the dynamics of D. biflora, E. heterophylla and P. peduncularis. The precipitation of the current year explained between 3 % -18 % of the inter-annual density variation, and the explanatory power of the previous year precipitation on the density of populations ranged from 32 % to 67 %. Therefore, climatic events of the past also have a significant consequence over the four populations. In conclusion, drastic reduction in total precipitation between years may be considered as a predictive parameter for herbaceous plants population size (in the present and future time) in a Northeastern Brazilian tropical dry forest area. Rev. Biol. Trop. 63 (4): 903-914. Epub 2015 December 01.
Dry tropical forests occur in extense areas of the Americas, Africa, Asia and Australia (Khurana & Singh, 2001; Vieira & Scariot, 2006) . In these forests, total rainfall variations between climatic seasons and between years have been cited as predictors of productivity, regarding density, biomass and seed production of herbaceous plants. According to the literature, there is a positive and significant correlation between productivity of herbs and total annual rainfall in desert areas of USA (Salo, 2004) , Mexico (Vega & Montaña, 2004) , Israel (Volis, Mendlinger, & Ward, 2004) , China (Wang, 2005) , African Savannah (Belsky, 1990) , Brazilian Caatinga (Silva et al., 2008) and Semiarid Scrubland (García-Cháves, Montaña, Perroni, Sosa, & García-Licona, 2014) . However, some herbaceous species may not fit this pattern (Nippert, Knapp, & Briggs, 2006; Lima et al., 2007; Silva et al., 2008) . Nippert et al. (2006) observed that rainfall and soil moisture are positively and significantly correlated to grass productivity in Northeastern Kansas, USA; however, there is no significant correlation for dicotyledonous herbs, suggesting the existence of other factors that influence the productivity of this group.
Usually, within a year, the herbs that occur in dry tropical forests form larger populations during the period known as the growth season, because temperature and moisture conditions are favorable for the recruitment, establishment and survival of seedlings. On the other hand, during the period known as the unfavorable period, the populations may show a dramatic or moderate reduction in size or may remain stable. In the case of herbs with an annual life cycle, individuals die and species remain in the area in the form of seeds Santos et al., 2013a) .
In some areas, climate anomaly of erratic rains before the growth season causes seed germination and the emergence of seedlings, but the subsequent drought results in mortality before individuals can reach the reproductive stage. Consequently, there may be a reduction in seeds production during that season (Salo, 2004; Silva et al., 2008; Villalobos, Poorter, & Martínez-Ramos, 2013) , which may compromise the size of populations in the subsequent year. An example of such reduction is observed in an annual grass, Bromus madritensis subsp. rubens (L.) Duvin (Poaceae), found in arid areas in Southern and Southeastern USA (Salo, 2004) . In a dry tropical forest area in Northeastern Brazil, the mortality rate of seedlings, recruited during the occurrence of sporadic rain in the dry period is also high Silva et al., 2008) . Moreover, anomalous dry years may cause drastic reductions in herbaceous population size, leading to the temporal disappearance of some species from the community (Reis, Araújo, Ferraz, & Moura, 2006; Miriti, Rodríguez-Buritica, Wright, & Howe, 2007) .
In the Northeastern region of Brazil, dry tropical forests are well known for their vegetation, known as Caatinga (Prado, 2003; Araújo, Castro, & Albuquerque, 2007) . The Caatinga has a semi-arid climate and strong seasonal and annual variation in total precipitation (Sampaio, 1995; Araújo et al., 2007) . The families with the largest number of species are Poaceae (e.g. Panicum trichoides), Fabaceae (e.g. Desmodium glabrum), Malvaceae (e.g. Physaloides stoloniferum) and Euphorbiaceae (e.g. Euphorbia insulana) (Araújo, Silva, Ferraz, Sampaio, & Silva, 2005; Reis et al., 2006) . In the Caatinga, herbaceous species richness can be three times higher than that of woody species . The impact of total rainfall variations on herbaceous populations of Caatinga has been the focus of a number of studies Lima et al., 2007; Santos et al., 2007; Silva et al., 2008) , the findings of which indicate that the herbs are sensitive to climate variations in terms of both phenological behavior of the plants and population dynamics. However, the nature of the relationship between total rainfall (including events of climatic anomaly) and demographic characteristics of the populations has not yet been assessed.
Therefore, based on the premise that the seasonal and annual variations in total rainfall may model the size of herb populations of dry tropical forests worldwide, the hypothesis of this study is that the reduction in herbaceous populations that occur in the Caatinga is related to the reduction in total rainfall and the present and past events of climatic anomalies can reduce herbaceous populations size. Thus, the objective of this study was to evaluate the seasonal and annual influence of total rainfall on density, recruitment, mortality and survival of four herbaceous species from the Caatinga. Whereas this study was conducted during an event of climatic anomalies (i.e. the 2006 drought and erratic rain in dry season), we also questioned whether this event had consequences over the demography even of the herb species adapted to the drought environment the Caatinga.
MATERIALS AND METHODS

Study area:
The study was conducted in an area of tropical dry forest known as Caatinga, situated in the experimental station of the Pernambuco`s Agronomic Institute, or IPA (8 o 14'18" S -35 o 55'20" W, 535 masl), in Caruaru, Pernambuco, Brazil (Fig.  1) . The IPA encompasses a stretch of native vegetation where neither the development of human activities nor the trafficking of animals for pasture is permitted. This stretch was designated to preserve (for at least 50 years), whereas other areas of the IPA function as experimental stations.
The floristic composition of the woody and herbaceous vegetation of this stretch was studied by Alcoforado-Filho, Sampaio and Rodal (2003) , Araújo et al. (2005) , Lucena, Nascimento, Araújo and Albuquerque (2008) and Reis et al. (2006) . These studies showed that the woody component of the area displays a high richness of Leguminosae and Euphorbiaceae species. It also showed that the herbaceous component presented a high richness of species belonging to Malvaceae, Poaceae, Asteraceae, Euphorbiaceae and Convolvulaceae families. However, according to Reis et al. (2006) , not all herbs present in the stretch occur every year in that area, resulting in a permanent herbaceous flora, as well as a transitory component in the Caatinga vegetation.
The climate is seasonal, with average annual rainfall of 680 mm and absolute minimum and maximum temperatures of 11 o C and 38 o C, respectively. The rainy season usually occurs between March and August, although droughts may occur in the rainy season, and erratic rains may occur in the dry season. However, there is a high variation in total rainfall and in the length of the rainy season from year to year, as observed during this threeyear study. The rainy season was anticipated (Fig. 2) . The soil is an Eutrophic Yellow Podzol, and the area is drained by the Olaria Stream, a tributary of the Ipojuca River (Alcoforado-Filho et al., 2003; Silva et al., 2008; Monteiro, Lins Neto, Araújo, Amorim, & Albuquerque, 2011) .
Selected species:
The species that were selected for this study were the therophytes Delilia biflora (L.) Kuntze (Asteraceae), Commelina obliqua Vahl (Commelinaceae) and Phaseolus peduncularis W.P.C. Barton (Fabaceae), which form abundant populations in the area and are part of the permanent herbaceous flora Reis et al., 2006) . The therophyte Euphorbia heterophylla (L.) Klotzsch and Garcke (Euphorbiaceae), which was not recorded by Araújo et al. (2005) and Reis et al. (2006) , is probably part of the transitory flora. The four species are native, non-endemic and are distributed in native and disturbed areas. The herbaceous component plays an important role in the maintenance and restoration of biodiversity beeing a source of food for animals, and assisting in the retention of seeds on the soil surface. Beyond that, many species are used in the treatment of diseases.
Sampling of populations:
In the native vegetation stretch, 105 plots (1 × 1 m) were randomly demarcated (Fig. 1) . The randomization was based on pre-existing, permanently marked 5 × 5 m plots. The 5 × 5 m grids were divided into smaller ones, measuring 1 × 1 m, from which the plots for this study were selected . Inside the plots, all the individuals from the four species were counted and marked with plastic tags, attached to the individuals with plastic-coated wires. Each plant that did not exhibit a connection with any other plant at soil level, was considered an individual. The plots were evaluated monthly in order to record the numbers of plants germinated and deaths. Every individual exhibiting complete loss of the aboveground portion, or has became completely dry on the soil, was considered dead. The study was conducted from March 2005 to March 2008 and was divided into three periods (the first of 11 months, the second of 12 months and the third of 13 months), each with a rainy and a dry season, for a total of three years of monitoring (Fig. 2) .
Data processing and analysis:
Herbarium specimens were made, according to the standard techniques of preparation, drying and assembling of exsiccates (Mori, Silva, & The natality (b, number of plants germinated in a given month) and mortality (d, number of deaths in a given month) rates were calculated using the following equations:
where N 0 corresponds to the number of individuals from the initial census; B corresponds to the number of individuals that were born in the interval between two subsequent observations; D corresponds to the number of individuals that died in the interval between two subsequent observations and T is time (number of days between two subsequent observations) (Swaine, & Lieberman, 1987; Condit, Hubbell, & Foster, 1996) . Differences in density between periods and seasons were evaluated using the Kruskal-Wallis test (Zar, 1996) . The analysis was conducted with the BioEstat 5.0 software (Ayres, Ayres-júnior, Ayres, & Santos, 2007) . The explanatory power of present and past precipitation (mm) over the density of herbaceous populations was evaluated using the General Linear Model (GLM) (Zar, 1996) . We used the GLM because there was no correlation between mean and variance.
RESULTS
Density:
In this study, it was recorded for the first time the presence of Euphorbia heterophylla in the studied area. The annual precipitation recorded for the year before the start of this study (2004) was of 1 064.3 mm. In this study, there was an event of climatic anomaly called the 2006 drought because the precipitation reduced about 50 % (586 mm). This event of climatic anomaly had demographic consequences over herbaceous populations. In the second and third periods, there was a dramatic reduction in the population sizes of the four studied species when compared to the size of the same populations in the first period ( Fig.  3 ; Table 1 ). However, none of the populations disappeared completely (Fig. 3) , despite being The same lower case letters in a line and the same capital letters in a column indicate a lack of significant differences (P < 0.05), based on the Kruskal-Wallis analysis of variance.
considered therophytes. The GLM analysis showed that the precipitation of current year explained between 3 % -18 % of the interannual density variation (Table 2) . It is noteworthy that the reduction in density between years was less pronounced in the C. obliqua population ( Fig. 3 ; Table 1 ). The D. biflora, E. heterophylla and P. peduncularis populations increased in size from the second to the third period; however, this increase was significant only for E. heterophylla and P. peduncularis (Table 1) . On average, the number of C. obliqua individuals was the same in the second and third periods ( Table 1 ). The GLM analysis showed that climatic events of the past also had a significant consequence for the four populations. The explanatory power of the precipitation of previous years on the density of populations ranged from 32 % to 67 % (Table  2) . It is worth mentioning that the precipitation of the previous year had a less pronounced effect on the C. obliqua population (Table 2) . In all periods, the sizes of the four populations were larger during the rainy season and dramatically reduced during the dry season (Fig. 3, Table 1 ). The four species formed significantly larger populations in the rainy and dry seasons of the first period (Table 1 ). The D. biflora and E. heterophylla populations had a significant increase in size in the rainy season from the second to the third period (Table 1) .
In the D. biflora and P. peduncularis populations, an increase was recorded during an event of climatic anomaly (erratic rain in dry season): in the dry season of the first period (December 2005) and in the dry season of the third period (February 2008) . In C. obliqua, there was an increase in the dry season of the first period (December 2005). In P. heterophylla, there were increases only during the rainy seasons (Fig. 3 ).
Birth and mortality:
For the four species, births were recorded in the rainy and dry seasons in all three periods, except for P. heterophylla, which did not recruit any seedlings in the dry season of the second period. In general, all four populations showed peaks of births immediately after the beginning of the rainy season, as observed in the rainy seasons of the first and third periods. In most months of the dry season, the birth rate of the four populations was zero or very close to zero. However, the erratic rains that occurred during the dry seasons (specifically in December 2005 and January 2008) (Fig. 2) , were enough to stimulate the recruitment of seedlings. In the four populations, mortality was recorded in the rainy and dry seasons of all three periods, and it was most pronounced in the dry seasons. 
DISCUSSION
The arid and semiarid environments are characterized by limited and erratic rainfall. Therefore, the variability of annual rainfall provides resource pulses. For example, on rare occasions, when the annual rainfall is much above the average, the higher water availability in the soil favors an exponential increase in the size of populations. Subsequent dry years cause drastic reductions in population size. (Goldberg & Turner, 1986; Chesson et al., 2004; Villalobos et al., 2013; García-Cháves et al., 2014) . In Northeastern Brazilian tropical dry forest areas, studies on the dynamics of caatinga herbaceous plants showed that populations may be dramatically reduced in their density, and may even disappear, from the habitats in drier years Lima et al., 2007; Santos et al., 2007; Silva et al., 2008; Santos et al., 2013b) .
In this study, the precipitation of the previous year (2004) The GLM analysis confirmed that the precipitation of current year explained one part (3% -18%) of density reduction (Table 2 ). It is noteworthy that C. obliqua population was the least sensitive to reduction in annual precipitation, because its population size reduction was less pronounced (Table 1) . However, the GLM analysis also showed that the explanation power of the climatic events of the past was greater. The precipitation of the previous year explained most of the variation of density (32 % to 67 %) (Table 2) . Therefore, we showed in this study that events of climatic anomaly (e.g. drastic reduction in precipitation between years) have a strong consequence in the population size of herbaceous species in the present and future time. Thus drastic reduction in total precipitation between years might be a predictive parameter for herbaceous plant population size (in the present and future time) in a Northeastern Brazilian tropical dry forest area (Caatinga), corroborating the hypothesis of this study.
Some species have greater capacity to occupy the space for the regeneration of their populations than others (Miriti et al., 2007; Almazán-Núñez, Arizmendi, & Eguiart, 2012) . Therefore, differences in population size after climatic abnormal events can endure for decades (Miriti et al., 2007) . For example, some species reduced about 50% of the population size in a severe regional drought event and the individuals who survived had reduced growth rate during this episode. A second severe regional drought event, after three years, resulted in the death of individuals who had reduced growth rate leading to a population disappearance (Miriti et al., 2007) . In this study, the reduction in population size was so drastic that it is possible that some species do not survive subsequent severe regional drought events. Only long-term monitoring of the populations dynamics will be able to confirm. Reis et al. (2006) showed that dramatic reductions occured in D. biflora and P. peduncularis populations in drier years, which was confirmed by the present study (Table 1) . However, Reis et al. (2006) recorded a moderate increase in the size of the C. obliqua population in drier years, a trend opposite to that found in our research. According with this study C. obliqua was less sensitive to reduction of annual precipitation. In the third period, which was a rainier one, the increase in P. peduncularis, E. heterophylla and D. biflora population sizes indicated that the density of plants of those species was related most strongly to the degree of rainfall increase between years (Table 1) . C. obliqua maintained the same number of individuals from the second to the third period (Table 1) . This shows that the response of C. obliqua to annual rainfall variation is slower than that of the other herbaceous plants studied. In addition, despite the climatic seasonality leading to a dramatic reduction in population density in dry periods, the response of populations may vary with time. Also, there is probably a secondary factor (e.g. microhabitats)
attenuating the influence of climate seasonality on the size of herbaceous populations. For example, variations in the availability of nutrients and water content in the soil on a small scale, form microhabitats that harbor herbaceous populations more numerous (Haskell, Flaspohler, Webster, & Meyer, 2010; Dahwa et al., 2013) . Although we have not quantified the soil properties in this study, it is possible that they can mitigate the effect of temporal variation in precipitation and contribute to the maintenance of some herbaceous populations of the caatinga. Therefore, future studies are needed to test this hypothesis.
In dry (Mondragón, Durán, Ramírez, & Valverde, 2004; Vega & Montaña, 2004; Volis et al., 2004; Wang, 2005; Nippert et al., 2006 and humid (Zotz, 1998; Castellani, Scherer, & Paula, 2001; Nordbakken, Rydgren, & Okland, 2004; Noel, Porcher, Moret, & Machon, 2005) areas of the world, the birth of herbaceous plants is concentrated in the periods of water availability. In the present study, the birth rates recorded for the four populations during the rainy season, followed the pattern found for several vegetation types in Brazil and in the world. Water shortage is the main factor responsible for the mortality of herbaceous plants in dry (Mondragón et al., 2004; Volis et al., 2004; Nippert et al., 2006; Silva et al., 2008) and humid (Zotz, 1998; Castellani et al., 2001; Nordbakken et al., 2004; Vilà, Bartolomeus, Gimeno, Traveset, & Moragues, 2006) forest areas during dry seasons; however, herbivory (Maron, & Crone, 2006; Gotelli, 2007) , intraspecific competition (Suzuki, Kudoh, & Kachi, 2003; Volis et al., 2004) and interspecific competition (Miller & Duncan, 2003; Nordbakken et al., 2004; Thomson, 2005) have been identified as the main causes of mortality during the rainy season.
There is evidence that sporadic or erratic rain occurring during the dry season may induce seed germination; however, the chance of survival of a seedling recruited during the dry season is low and individuals may die before reaching the reproductive stage (Salo, 2004; Araújo, 2005; Araújo et al., 2007; Lima et al., 2007) . Such a fact was confirmed in this study, because the birth peaks of the dry season reflected the disruptive effect of rainfall peaks occurring in that season, showing that erratic rainfall may mask the role of climate seasonality on population dynamics in dry environments.
This study showed that the events of climatic anomaly (e.g. the 2006 drought and erratic rain in dry season) has a strong impact on the demography of herbaceous populations in current year and this impact is extended for subsequent years, corroborating the hypothesis of this study. However, the effect of events of climatic anomaly can be less pronounced in some species, as recorded in this study for C. obliqua. While D. biflora, E. heterophylla and P. peduncularis population sizes decreased by 96 %, 86 % and 87 %, respectively, C. obliqua decreased only 35 % (Table 1) . This leads us to consider the following hypothetical model: in tropical dry forest area, herbaceous populations may respond to inter-annual variation in precipitation of the past and present in three ways: 1) the most sensitive species reduces dramatically the population size; 2) the less sensitive species reduces moderately the population size; 3) variations in the population size of species further adapted are not explained by past and/ or present precipitation. Therefore, it is necessary further studies to test the hypothetical model and identify the species group of each of the three responses and identify the adaptive strategies of each species. This information can be useful to propose management strategies, conservation and restoration of degraded areas.
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RESUMEN
Efecto de la variación temporal de la precipitación sobre la demografía de cuatro poblaciones herbáceas en una área de bosque tropical seco en el Noreste del Brasil. En los bosques tropicales secos, la dinámica de las poblaciones herbáceas están fuertemente influenciadas por la variación estacional y anual de la precipitación total. Por otra parte, los acontecimientos presentes y pasados de anomalía climática (por ejemplo, años de sequía y lluvia errática antes de la temporada de crecimiento) pueden causar reducciones drásticas de tamaño de la población, lo que lleva a la desaparición temporal de algunas especies. Por lo tanto, este estudio tiene como objetivo evaluar, durante três años, la dinámica de Delilia biflora (Asteraceae), Commelina obliqua (Commelinaceae), Phaseolus peduncularis (Fabaceae) y Euphorbia heterophylla (Euphorbiaceae). El estudio se realizó en una zona de bosque seco tropical conocida como Caatinga, situado en la estación experimental del Instituto Agronómico de Pernambuco (IPA), en Caruaru, Pernambuco, Brasil. La Caatinga tiene un clima semiárido y fuerte variación estacional y anual de la precipitación total. Durante este estudio, hubo un evento de anomalía climática llamado la sequía de 2006 y la lluvia errática en la estación seca. El nacimiento, la muerte y la supervivencia fueron monitoreados mensualmente en 105 parcelas de 1 × 1 m. Las diferencias en densidad entre años y estaciones se evaluaron mediante la prueba de Kruskal-Wallis. El poder explicativo de la precipitación del presente y del pasado sobre la densidad se evaluó utilizando el Modelo Lineal Generalizado. En este estudio, fue el primer registro de Euphorbia heterophylla en el área de estudio. Las poblaciones estudiadas fueron mayores en los años más húmedos y durante la temporada de lluvias, y se redujeron drásticamente en el año más seco y en las estaciones secas. Commelina obliqua fue la menos sensible a la variación de la precipitación total. Con respecto a la densidad, las cuatro especies estuvieron presentes durante los tres años. Las tasas de natalidad fueron mayores durante la temporada de lluvias y las tasas de mortalidad fueron mayores en la estación seca. Lluvias esporádicas en la estación seca causado pronunciado reclutamiento de plántulas seguida de muerte y tuvo un fuerte impacto en la dinámica de D. biflora, E. heterophylla y P. peduncularis. La precipitación del año en curso explica entre el 3 % y 18 % de la variación interanual de la densidad y el poder explicativo de la precipitación del año anterior en la densidad de las poblaciones varió de 32 % a 67 %. Por lo tanto, los fenómenos climáticos del pasado también tienen una consecuencia significativa para las cuatro poblaciones. En conclusión, la drástica reducción de la precipitación total entre años podría ser un parámetro predictivo para el tamaño de la población de plantas herbáceas (en el momento presente y futuro) en una área de bosque tropical seco en el Noreste brasileño.
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